La décomposition orthogonale propre appliquée aux équations de Navier-Stokes compressible instationnaire by Vigo, Guillaume
HAL Id: inria-00073304
https://hal.inria.fr/inria-00073304
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
La décomposition orthogonale propre appliquée aux
équations de Navier-Stokes compressible instationnaire
Guillaume Vigo
To cite this version:
Guillaume Vigo. La décomposition orthogonale propre appliquée aux équations de Navier-Stokes
compressible instationnaire. RR-3385, INRIA. 1998. ￿inria-00073304￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
La Décomposition Orthogonale Propre
Appliquée aux équations de Navier-Stokes
compressible instationnaire
Guillaume VIGO
N˚ 3385
Mars 1998
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
  	
   "!#
$ %& ')(*+(-, ')(. %0/213546 *87:9;<0=
 > ?% 
 8. >
@ACBEDFDFGHA>IKJLNMO@NPRQ
S*TVU WYXZ[ \^]_W`Vacbedf]cgihjX d5gikldf]cWY]_mnbedf]cgoh
p XqmsrtmsdfU&WYX&mvu&giWYkVa_Xw^X&m
xzysge{|X d}\^~v\X dvbomsmnbo`la_dvt]cbedn]_gih
5bokVkHgiy|d p XqyfX&uTlX&yfuTlXhii[ boysmii[ ZkbooX&m
-t¡ bWY¢ dfTVg p X p X p ¢&u giWYk:gomf]£dn]_gih¤goysdnTlgiigihbeacX¥kVysgikVysX%¦Egi`§v¨ª©¨c«¨c¬}]_hdfyfg p `V]£dnX¥kbey
 8`VWYacXr;­_ ®k:X yfWYX d p X¯dfynbohVm|°±giyfWYX y`lhm|rtmsdnU WYX p³² ¢&´`bedf]cgohVmCbe`^w p ¢ yf]£i¢&X mCkbeysdn]_X&a_a_X&m	¦Fµzx¶¬8X&h`Vh
msrtm|dnU&WYX p³² ¢ ´`bedn]_gihVm p ]£·¸¢ yfX hdf]cX aca_X&mCgiy p ]_hbo]_yfX mhVgihac]_hV¢be]cysX&m=¦Fµz.¹q¬X h`^dn]_ac]_mnbohd p X&mmfgoac`ldf]cgohVm p X
a ² µzxºVbohlm»u&XyfbokVkHgiysd&¼^hlgi`Vm»kVys¢&msX&hdngihlm*`VhVXXOw^dfX&hVms]cgoh p X}a ² boklkVyfgtuTVX.xº½¹º¾ºc¼lbo`^w6¢&´`bedf]cgohVm
p X*vb^]_X&y¿|\tdfgiÀoX mzu&giWYkVysX&mfms]cÁlacXX dC`VhVX*ys¢&mfgoac`ldf]cgoh¥Ábomf¢ X»mf`ly`VhVX p ]_mfu yfXdn]_mnbedf]cgihYkbeyCW;bo]_acacboiX»hlgih
msdfyf`Vudn`Vys¢oº¸¹h p ¢ u&ys]_dvaÂbYWY¢ dfTVg p Xh`VWY¢&ys]c´`VX`ldn]_a_]cms¢&XkHgi`Vy p ¢iX acgiklk:X y}`VhjmsrtmsdfU&WYX p rthbeW;]_´`VX
bo]_hVmf]´`VXa_X&muTlgi]£wa_]c¢ mÃ6a ² ]_WYkVacbohdbedf]cgih]chl°±goyfW;bedn]_´`VXoº¸ 8X&m}klyfgiÁVa_U&WYX m p Xm|dboÁV]_a_]_df¢h`VWY¢&yf]_´`VX
mfgohd¢dn` p ]_¢&m º bkHgimfms]cÁV]_a_]_df¢ p³² `ldf]ca_]cmsX&y p X&m.dfX&uTVhV]_´`VX&m p³² bemfmf]_WY]cacbedf]cgih p X p gihVhl¢&X&mX&m|dXw^k:gomf¢&Xeº
 8X&mWY¢dnTVg p X&m.klyfgikHgimf¢ X&m.msgihddnX msdn¢ X&m p behVma_Xubom p³² `lh¢&u&go`VacX WYX&hd]chVm|dbedf]cgohVhbo]_yfXkH¢&ys]cg p ]_´`VX
bo`ldfgi`Vy p³² `Vh%kVyfgeÄav5Å=}ÆiÆlÇYÃ;bouTjÆlº½¥X dvÈeÉoÊ p³² ]_hVu ] p X hVu&Xeº
Ë#ÌÍÇÎnÏÐEtÑ x¶¹.¿vµ¯u gi`Va_X&WYX&hdu giWYkVyfX mfms]cÁVa_X)¿}be]ca_aÂbeiX)hlgih¤m|dnys`Vu df`Vyf¢¥¿5¢&a_X&WYX&hdfmÄhV]_m¿
msdnboÁV]_ac]£dn¢¿	bomsmf]_WY]cacbedn]_gih
ÒÓÔÂÕ*ÖO×ÙØÂÚÇÛÜÇ×ÙØÙØÙÖÜÇÕ»ÝÞ ß&×ÙÛàâáCãÇÖäåäåÖOÜÇØ¾æEÔªÖnß×ÙÖOæF×ÙàçÞ è£é
   !#*   =
  %&/ 
(8/ =
 > ?% 13546 *87¸9Y<')(. %
  ÍÏoÍ S*TlXx¯yfgok:X y6¹y|dnTVgiogihboa}X u&giWYkHgimf]£dn]_gih WYXdnTVg p ¦±§}¨ ©¨_«¨c¬¼	ÄVyfmsd p X mfu&ys]cÁHX p Ár
 8`VWYacXrN­£&®F¼lbeaca_g	m	dnTlXvdnyfbohVm|°±giyfW;bedf]cgih6go°bm|rtmsdnX W0ge°8kboy|dn]cboa p ]_·:X&ysX&hdn]cboaHX&´`bedf]cgihlm»]chdfg¥bm|r^m¿
dnX W0ge°8giy p ]chbeysr p ]_·:X&ysX&hdn]cboa:X&´`bedf]cgihlm»Ár)dnboÀ]chV¥]_hdng¥beu&u&go`VhdbmfXd*go°8d rtkV]_uboa:mfgia_`ldf]cgihlm»go°8dnTlX
xzµ*º:S*Tl]cmvyfX&kHgiy|d}kVysX&msX&hdnm.behjXOw^dfX&hVms]cgohgo°CdfTVXx¶¹. WYX dfTVg p dng)u&giWYkVysX&msmf]_ÁVacX}bt]cX y|¿|\dngiÀeX&m
X&´`b dn]_gihVmboh p bmfgia_`ldf]cgih
	TVX yfXYmfkVbou&X p ]_mfu yfX df]cmfbedn]_gih¤]cm.ÁbemfX p gihÑ`VhVm|dnys`Vu df`VyfX p WYX&msTVX&m ºYS*TVX
h`VWYX&ys]cu&boaVboklkVyfgbeuT p XiX&a_gikHX p ]_m p X mfu yf]_Á:X p boacgohV	]£dnTuTVgi]_u&X&mCyfX&acbedfX p dfg}X;u ]cX hd]cWYkVa_X&WYX&hdnb ¿
dn]_gih³º¯S*TlX.kVyfgiÁlacX W go°h`VWYX&ys]cu&boa8msdnboÁV]_ac]£d r-]_m p ]_mfu `VmfmsX p º	vmsX.go° p bedb¥bemfmf]_WY]cacbedf]cgihdfX&uTVhV]_´`VX&m]_m
p X mfu&ys]cÁHX p º¶S*TlXkVyfgok:gimsX p WYX dfTVg p m*boysXvdnX msdfX p °±giy¶dnTVXv`VhVmsdfXb p r-kHX&yf]_g p ]cug	 gÇoX&y*55Å=ÆiÆ^Ç
bo]_ys°±gi]_a8bedvjbouTNÆlºÙ¥boh p bohjbohVia_Xqgo°CbedfdnbouÀ-go°ÈoÉoÊ º
¸ÎÌo+x	¹. ¿Cu&giWYkVysX&msmf]_ÁVacXVg	 ¿`VhVmsdfyf`Vudn`VysX p WYX&msT6¿Ähl]_dfXX&a_X&WYX&hdfm=¿m|dboÁV]_a_]&bedn]_gih
¿	bomsmf]_W;]_acbedn]_gih
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 
: ; 1  =< ?>A@   ; 1
 bms]cW`VaÂb dn]_gih6X h6WY]ca_]_X&`6]_h p `lmsdnys]cX a kVyfX h p `VhlXvkbeysd¶kVyf¢ k:goh p ¢&yfbohdnX p bohVm¶a_X5urtu&a_X p Xu&gohVu&X k^¿
dn]_gih p X&mklyfg p `V]£dnm°±`^dn`VysmX dWYg p ]£ÄX)kVyfgo°±goh p ¢&WYX hdacX)WYg p X p X6u gihVu X&kldf]cgih¸ºµ¯aca_X6kHX&ysWYX d`lhVX
yf¢ p `Vudn]_gih p X&mu gCBldfm&¼=`lhVXNkVa_`Vm-iyfboh p XkVyf¢ u&]_mf]_gih p X&mklyf¢ p ]cudn]_gihVmX d6m ² ]chdfU&iysXhbedn`lyfX&a_a_X&WYX&hd
p bohlm`VhVXgoyfbohl]cmfbedn]_gih p Xd r^kHX]_hVi¢ hV]cX yf]_X¥u&gihlu&gi`VyfbohdnXeº³ 8X&m¢dn` p X&m p Xu gihVu X&kldf]cgihX hÑbo¢&ysgihVge¿
dn]_´`VXhV¢ u&X mfmf]£dnX hd p XWYX dfdfyfXX hg^X `ltyfX p ]_·:¢&ysX&hdnm.u g p X m p XW;g p ¢ ac]_mnbedf]cgoh³º8Å=X m.u&g p X&mys¢&msgia_oX&hd
a_X&m5¢&´`bedf]cgihlm p³² µ¯`VacX y}gi` p X}bt]cX y|¿\tdngiÀeX&m ¼ p Xq°EbD&gohji¢ hV¢&yfboa_Xo¼HX d5k:X `liX hd-E dfyfX`ldn]_acX m p bohVm p X
hVgiWÁVyfX `VmfX m¥mf]_W`Vacbedf]cgihlm&º~ a_m°±gihlu dn]_gihVhlX&hd¥X&hX ·:X d¥kHgi`Vy p X6hlgiWÁVysX&`^wd rtk:X m p X6W;bo]_a_aÂbooX&mXd
p³² ¢&u gi`Va_X&WYX&hdnm ¼X dzkVysgik:gomfX&hd p X m p X&iys¢&m p XkVys¢&u ]cms]cgih¥eboys]ÂboÁlacX m&ºtÅ=X&m¯u g p X&mzmfgihdzu&boynboudn¢ yf]_mf¢&mzkbey
acb-iynboh p X¥yf]_uTVX&msmfX p X¥acb-W;g p ¢ ac]_mnbedf]cgoh klTrtms]c´`VX¦Fvbât]_X&y¿|\tdfgiÀoX m&¼8dn`VysÁV`Va_X&hVu Xo¼¯º_ºcºÙ¬¼³bo]chlmf]´`VX¥acb
iyfboh p X=b p bokldnboÁV]_ac]£dn¢	Ã p X mCu gihlÄi`lynbedf]cgihlm>dnysU&m p ]_oX&ysmfX&m º~ aXw^]cm|dnX p X mCu g p X mÃ}klTrtms]c´`VX*ms]cWYkVa_]_ÄV¢&X
ÁHXbo`Vu gi`VkÑWYgi]_hVmquTVX&ysmXdbokVkVa_]_uboÁVa_X&mÃ p X mqu&gihlÄVi`Vynb dn]_gihVm.WYgi]_hVm p ]_oX&ysmfX&m ºbohVm.u X dfdfXY¢ dn` p X
gih u gihVms] p U yfX p X&mWY¢ dfTVg p X&m´`V]	k:X yfWYX dsdnX hd p X6ms]cW`VacX y¥`VhVX)kVTr^ms]c´`VXys]cuTVX6W)be]cm p X&mu&boa_u&`Va_m
kVa_`Vmmf]_WYkVacX m}u&boy/(F16(G(HI+&JK#L8#FNMO3P886*RQS1$'+63T&#U(º
Å=Xa_gii]_u&]_X&a`ldf]ca_]cmsX&yfb6`VhVXbokVkVysg^uTlXkboy p ¢ u&giWYkHgimf]£dn]_gihgoysdnTlgiigihbeacX]chdfyfg p `V]£dnXkboyv `lW;a_X r
­£&®k:gi`ly5dfynbohVm|°±giyfWYX y}a_Xmsrtm|dnU&WYX p³² ¢&´`b dn]_gihbo`^w p ¢ yf]£i¢ X&m.kboy|dn]_X&a_acX m}´`VXu&gihVm|dn]£dn`VX hd.acX m¢&´`bÇ¿
dn]_gihVm p XNvbât]_X&y¿|\tdfgiÀoX m&¼*X&h `lh msrtmsdfU&WYX p³² ¢&´`bedf]cgihlm p ]£·¸¢ yfX&hdf]cX aca_X&mgiy p ]chVbo]cysX&m-hlgih ac]_hV¢&bo]cysX&m º
  ² ]_hdn¢ y!E d)X&m|d p¸² `ldf]ca_]_mfX&y)kboyYacb ms`V]_dfXju X&m;msrtmsdfU&WYX&m p³² µz.¹kHgi`VyYacb u gihVu X&kldf]cgihÃ a ² bo] p X p Xacb
mf]_W`laÂbedf]cgohh`VWY¢&ys]c´`VX p Xqu&gihdfy!Via_X p¸² ¢ u&gi`Va_X&WYX hd¦Ego`jWY¢&u&bohV]_´`VX p X&m `V] p X&mvbou df]_oXâ¬Oº
bohVm¥`lh kVyfX W;]_X&ydfX&WYkVm¥u X-ynboklk:giy|d]_hdnyfg p `V]_ynbNXd p ¢ u&yf]_ynbacbWY¢ dfTVg p X p X p ¢ u&giWYkHgimf]£dn]_gih
giy|dnTVgiogihboa_Xbo`^wobeacX `VyfmYkVysgikVyfX mj¦Egi`K§}¨ ©¨_«¨c¬ºCxCboyYacbÑms`V]£dnX`VhVX p X `^w^]cU WYXkboy|dn]_XXw^kHgimfX ynb
acbNW;g p ¢ ac]_mnbedf]cgoh p ` msrtmsdfU&WYX p rthboWY]c´`VXe¼dngi`^d p³² boÁ:goy p p bohlm¥acX m¥ubom p ¢|{sÃN¢ df` p ]_¢&m p bohlmaÂbNa_] ¿
dn¢ ynbedf`VyfX p³² ¢&u gi`Va_X&WYX&hdfm]chlu&giWYkVysX&mfms]cÁlacX m¥Ã°Ebe]cÁVa_XYhVgiWÁVyfX p X)5Xr^hlgia p m&¼kV`V]_m p bohVmacX mu&bomq´t`l]
hVgi`lm]chdf¢&yfX mfmsX&hd p³² ¢ u&gi`lacX W;X hdnm;u&giWYkVysX&mfms]cÁlacX m&ºz 8X&mklyfgiÁVa_U&WYX m p X-msdnboÁV]_ac]_mnbedf]cgoh mfX&ysgihd p ]_mfu `^¿
dn¢ m»X d=acX m*msdfynbedf¢&i]_X&m p¸² ]_WYkVaÂbehdnbedn]_gihmsX&yfgohd p ¢&u yf]£dnX&m º  ² bekVkVa_]cu&bedn]_gih p XvdnX&uTlhV]c´`VX p³² bomsmf]_W;]_acbedn]_gih
mfX ynbNXOwlklac]_´`V¢&Xeº¯µ¯hlÄh `VhVX p X&yshV]cU yfX-kVboysdf]cX)kVyf¢ mfX&hdfX&ynb`VhlXbokVkVa_]_ubedf]cgih p X-acbNx>ºÙ¹ºÙºX d p X6acb
WYg p ¢&a_]cmfbedn]_gih p rthboWY]c´`VXÃ¥a ² ¢&u gi`Va_X&WYX&hd.be`ldngi`ly p³² `lhjkVysgoÄa p³² bo]_acX55Å=ÆiÆlâ¥X hj]_hVu ] p X hVu&Xeº
WXW çY)ZZO[O\
   88+3T -
   	
   "!#
 b)xº½¹º¾ºgi`j}¢&u giWYk:gims]_df]cgoh¹ysdfTVgiigihVboacXbo`tweboacX `Vyfm5x¯yfgokVyfX mvkHX&ysW;Xd p Xu gihVm|dnyf`l]cysX p X m
msrtm|dnU&WYX m p rthboWY]_´t`lX&mysX&kVys¢&mfX hdbedf]_°±m p XklTV¢&hVgoW;U hVX&m}k:gi`ly5a_X&ms´`VX&a_m}gih p ]_mfkHgimfX p Xyf¢beac]_mnbedf]cgohVm
]_hVmsdnbohdbohV¢ X&m º³Å=XdfdnXWY¢ dnTlg p Xm ² bokVkl`V]cXmf`Vy5`VhVX p ¢ u&giWYkHgimf]£dn]_gihms`Vy5`VhVXÁbomfXkVyfgokVyfX p XWYg p X m
p ¢ÄhV]_m-Ã¤kVboysdf]cy p³² `VhVXjmf¢&a_X&udn]_gih p X m;eboa_X&`Vysm6kVysgikVysX&m p Xjacb¤W;bedfyf]_u&X p X&m)u&giysyf¢&acbedf]cgihlm;dfX&WYk:g ¿
yfX aca_X&m p³² `lhu&X&y|dbo]_h-hVgoWÁVysX p Xys¢boa_]cmfbedn]_gihVm p X}a ² ¢ u&gi`lacX W;X hdº}X mbokVkVysg^uTlX&m»msX&WÁlaÂboÁlacX m*gihd»¢ df¢
kVysgik:gomf¢&X m*k:go`Vy=a ² behboa£r^msX p Xys¢&mf`la_dnbednm*XOwlkH¢&ys]cWYX hdnbo`^w ­£i¼l ®³Xd*yf¢ u&X W;WYX hdkHgi`Vy=aÂbysX&u gihVmsdfyf`VuO¿
dn]_gih p `u giWYk:goysdnX WYX&hd p rthbeW;]_´`VX p¸² ¢ u&gi`Va_X&WYX hdfm.]chlu&giWYkVysX&mfms]cÁlacX mY¦s­ l¼ Zl¼: ® ¬*ÃY°Ebo]_ÁVa_XhlgiWÁVysX
p X X rthVgia p m&º}Å=X&mjbokVklyfgtuTVX&m%mfX yfgihd%¢ dfX&h p `lX&mNbe` m|r^m|dnU W;X p X&m%¢&´`b dn]_gihVm p X }bt]cX y|¿|\dngiÀeX&m
u&goW;klyfX&msmf]_ÁVa_XoºÅ=X dsdnXXwtdnX hVmf]_gihÑ]cWYkVa_]_´t`lX¥X&hNkbeysdn]_u&`lac]_X&yacb p ¢ÄhV]£dn]_gih p³² `VhVXhlgiyfWYXkHX&ysWYX dfdnbohd
a ² ¢obeac`b dn]_gihju giTV¢ yfX&hdfX p Xqacb;W;bedfyf]_u&X p Xqu&goyfyf¢ aÂb dn]_gih³º vhlX p ]_mfu yf¢dn]_mnbedf]cgihjX&h%¢&a_X&WYX&hdfmvÄhV]_mmfX ynb
b p gokldn¢ X5kHgi`Vyza ² ¢eboac`Vbedn]_gih p X&m¶kVyfg p `V]£dnmzmsuboacbo]_yfX&m º^¹.h;¢ df` p ]_X&yfbacbqysgiÁV`Vm|dnX mfmfX p X5u&X dsdnX5bokVklyfgtuTVX
kHgi`Vy p X mv¢ u&gi`Va_X&WYX hdfm}ms]cWYkVa_X&m¦EkH¢&ys]cg p ]_´t`lX&m5X d5uboyfbou df¢&ys]cms¢&m5kboy`VhVX.°±yf¢ ´`VX&hVu X p giWY]chbehdfXâ¬Oº
~ alXOwl]_msdfX p X&`^wd rtk:X m p X*}¢ u&giWYkHgimf]£dn]_gih)¹ysdnTlgiigihbeacX=°±gohVu df]cgih p `¥d r^kHX p X p gihVhV¢ X&m¯¢ df` p ]_¢&X m
	 `VhlX6x¶¹.dfX&WYkHgiyfX aca_X¦=igo]cy;­
e®å¼z­¾ ® ¬ p ]_dfX)WY¢dnTVg p X;u&acbomfms]c´`VX)`ldn]_acX;a_giyfm p³² bokVkVysg^uTlX&mXOw¿kH¢&ys]cWYX&hdnboacX m-g X h i¢ hVX&yfboa`VhVXNXOwlu X&a_acX hdnXyfX kVyf¢ mfX hdnbedn]_gih dfX&WYk:goyfX&a_a_XX&m|d-giÁ^dnX&h`VXNbo`
p ¢dnys]cWYX&hd p XNaÂb¤yf¢&msgia_`ldn]_gih mfkVbedn]cboa_XNmfgi`^iX&hd°Ebo]_ÁVa_X ¦±aÂbWY¢dnTVg p XNXOwlkH¢&ys]cWYX hdnboa_XÑx>º ~º º
 xCboy|dn]_u&a_X~ W;booXzX acgtu&]_WYX dfysrqX&m|d5`VhVXXw^u&X kldn]_gih ¬O¼
	 `VhlX-x¶¹. mfkb dn]cboacX6bokVkHX&a_¢&X-WY¢dnTVg p X p X&mu ac]_uTV¢&m`ldn]_ac]_mf¢ Xbo` u gihdnyfbo]cysX6a_giyfm p³² bokVkVysg^uTVX mÁbemf¢&X mmf`ly p X m}mf]_W`laÂbedf]cgohVmh`VWY¢&ys]c´`VX m&¼³a_XW;bo]_acacboiXmfkVbedn]cboa¢ dbehd}]cWYkHgiysdnbohd}Xdacb;dnbo]ca_a_X
dfX&WYk:goyfX&a_a_Xq°±goyfu&¢ WYX&hd}a_]_W;]£dn¢ XkVboy*acX mvu gCBldfm p Xu&boa_u&`VaEº
 `VX&a_acX;´`VXYmfgi]£daÂbWY¢ dfTVg p X;`^dn]_ac]_mf¢ XN¦Ou&acbomfms]c´`VX¥gi`Ou ac]_uTV¢&m ¬¼gihÑuTVX yfuTVX)`VhVXYÁbomsX p ]cm¿
u&ysU dfX p XNa ² ¢ u&gi`Va_X&WYX hd! !"#%$'& Xd( )$%* + ¦EbâoX&u,& a_X p giW;bo]_hVXmfkVbedn]cboaÂ¬¼=kHX&ysWYX dfdnbohd
p³² bokVkVysgwl]_WYX&ydngi`^dnXqyf¢&boac]_mnb dn]_gihjmskbedf]cge¿ådnX W;kHgiysX&a_acX- !"=msgi`VmacbY°±giysWYX.
! !"0/ 123"46587:9;
<!=3>@? <
2 !"-A < 3"B
g  X msdjacXÑuTboWYk W;gâroX&h³¼DCFEHG a_XÑhVgiWÁlyfX p X¤WYg p X&m%x¶¹. giÁ^dnX&h`Vm p bohlmjacb yf¢&msgia_`ldn]_gih
p `kVysgiÁVa_U&WYX p XaÂb p ¢&u&goW;kHgims]_df]cgihÑgiy|dnTVgoigihboa_XoºH 8XkVysgiÁVa_U&WYX p XaÂb p ¢dnX yfWY]chVbedn]_gih p X mWYg p X m
yfXt]cX hd%beacgiysmÃ yfX uTVX&ysuTVX&y%Ã kbeysdn]_y p¸² `VhRX hVmfX WÁVa_XÄhV] p X,I yf¢&boac]_mnb dn]_gihVm-]_hVmsdnbohdbohl¢&X&m¤¦±gi`
u&a_]_uTV¢&mn¬KJMLN3"#-O0$QPSRITU-V$&XW p X.a ² ¢&u gi`Va_X&WYX&hd(- !"O¼lacbyf¢beac]_mnbedf]cgohAY23"OysX&mfmsX&WÁVaÂbehdva_X
kVa_`VmZ}X&h%WYgâriX&hlhVX¦±mfX&a_gih%`Vh%mfX&hlm}Ã p ¢ÄhV]_y¬bo`^wys¢boa_]cmfbedn]_gihVm8JML[3"\W]L =3>N^ _ ºÅ=X dsdnXYkVysg^u ¢ p `VysX¥k:X `ldqm ² bomsmf]_W;]_a_X&yÃ-aÂb-ysX&uTVX yfuTVXe¼ p behVm.a ² X&mskbou X p X&mqyf¢&boac]_mnb dn]_gihVm&¼ p³² `lhVX p ]cysX&uO¿
dn]_gihkVys]_t]_ac¢ i]c¢ Xdfynb p `lu dnys]cu X p Xqa ² giyfibohV]_mnbedf]cgihkVys]chlu&]_kboa_X p Xqa ² ¢ u&gi`lacX W;X hdº: XqysX&a_]c´`bed p Xqu X dfdfX
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 
kVysge{|X&udn]_gih X&m|dÃ%mfgih dngi`ly p ¢&u&goW;kHgims¢-mf`V]£ebohda_X;WE WYX6kVys]chVu ]ckHX6Xdu X6kVysg^u ¢ p ¢;X&m|dkHgi`Vysmf`V]£t]
{|`Vms´t` ² bo` p X&yshV]cX y}WYg p X p Xacb p ¢ u&giWYkHgimf]£dn]_gih³º:µ¯h°Ebo]£d¼acb)WY¢ dfTVg p XXwtdfynbo]£da_X&m}b w^X&m}klyf]_hVu&]_kbo`^w
p X.a ² ¢ u&gi`lacX W;X hdºHÅ ² X&msd`lhVX.WY¢ dnTlg p X p¸² bohVboa_rtmsX p X&m p gohVhV¢&X m&¼acbWY¢ dnTlg p X p X p ¢&u giWYk:gomf]£dn]_gihX&h
u&goW;kHgimfbohdnX&mkVys]chlu&]_kboa_X&m&º x¯`V]_mf´`VXhVgi`lm*mfgiWYWYX&m5`VhV]_´`VX&WYX&hdv]chdf¢&yfX mfms¢&m5kboy p X m*kVyfgiÁlacU W;X m p X
WYg p ¢&a_]cmfbedn]_gih p XqmsrtmsdfU&WYX&m5kVysgÇoX&hbehd p X.ms]cW`Vacbedn]_gihVm5h`VWY¢&yf]_´`VX&m5mfX `Va_Xacb¥WY¢ dnTlg p X p X&mu&a_]cuTl¢&m
X&m|d5¢ dn` p ]c¢ X p bohVmu&X p gtu&`VWYX hd&º
x¯yf]_hVu&]_k:X p XqacbYWY¢dnTVg p X.
 kboy|dn]_y p³² `lh X hVmfX WÁVa_XjÄhl] p Xu&a_]cuTV¢ m JML[3"#-O $ PSR  ITU- $ &XW ¦±g6I X msd;a_X%hlgiWÁVysX p X
u&a_]_uTV¢&mn¬¼lgoh-uboa_u&`lacXvaÂbyf¢beac]_mnbedf]cgoh-WYgÇroX&hVhlX ´`V]:u gihVm|dn]£dn`VXacbhlgi`liX aca_Xgiys]co]chVX p XvhVgodnysX}X mfkbou X
p X mvys¢boa_]cmfbedn]_gihVm
13"  RI _; L =3> ML 3"  ¦|â¬
¹h-ubeacu `VacX}X&hVms`V]_dfX.aÂbW)b dnyf]_u&X p X}u giyfys¢&acbedn]_gih6dfX&WYk:goyfX&a_a_X p X&m»ys¢boa_]_mnbedf]cgihlm»u&X hdfyf¢ X&m&¼^dnX&a_a_X´`VX
YL ^ <   ML b <   "#0O¯X d $ P R I T ¦åo¬
gYa ² gikH¢&yfbednX `Vy     "CX&m|dz`VhYkVyfg p `V]£dzmfu&boacbo]cysXoº}bohVm¯hVgodfyfX*u&bom¯hVgi`Vmz`ldf]ca_]_mfX&ysgihVmza_X*kVyfg p `V]£d¯mfu&boacbo]cysX	
5u aÂbemfmf]_´`VX.
  "   ¦Fi¬ X&m|dboa_giyfm)msrtWY¢ dnys]c´`VXÑkHgimf]£dn]£iXeºÅ=X dsdnXW;bedfyf]_u&X p Xu&giysyf¢&acbedf]cgih ´`behdf]_ÄVXaÂb¤°EbD&gih p gihdacX m
yf¢&boa_]cmfbedn]_gihVmqmfgohda_]c¢ X&macX mq`VhVX&mbo`tw bo`ldfyfX&m º 8X¥ÁV`ld¢ dnbohd p XYu&yf¢ X&yq`VhVXYÁbemfXo¼8]_a¯X&m|dhV¢&u X&mfmfbo]_yfX
p X p ]cboigihVboac]_mfX yvu X dsdnXqW;bednys]cu Xo¼ acX m5oX&udnX&`lyfm p XacbYhVgi`loX&a_acXÁbomsX-¦EbokVkHX&a_¢&m5W;g p X m¬»giysdfTVgiigohbo`^w
X&hdfyfXX&`^wmsgihdvboacgoyfmacX mmf`V]£ebohdnm
ADL  _;<!=3> L ^ <  < ¦EZ¬
g  L ^ < X msdqacbu g^goy p gihlhV¢&X p ` O}iX u dnX `VykVyfgiklyfX p X ¦Ea_X&m.iX u dfX&`VysmkVysgikVysX&mbrbohdq¢ df¢u&acbomsmf¢&m5kboygiy p yfX p X&mobeacX `VyfmkVysgikVyfX m p ¢&u&ysgi]_mfmnbehdfX&mvX&h%mf`VkVklyf]_W;X hd}acbYeboa_X&`ly5klyfgikVysX.h`Vaca_Xâ¬Oº
  ² ¢ u&gi`lacX W;X hdK- !" p bohVmaÂb¥hVgo`liX aca_XÁbemfXqX&m|d}beacgiysmacXqmf`l]_ebohdb
! !" 123"4 587:9;
<!=3> ? <
2 !"-A < 3"B ¦åo¬
g
 CFE G! I"R]"¼
? <
mfgihdYa_X&m¥u g^giy p gihVhl¢&X&m p X  p bohVm¥acbNhVgi`loX&a_acXÁVbomfXe¼´`V]»mfgohd p X&m¥u g^X )u ]cX hdnmYkV`VysX&WYX&hd
dnX WYk:giysX&a_m.]cmsmf`Vm p X¥acb p ¢&u giWYk:gomf]£dn]_gihdnX&a_mq´`VX
? <   # \A < "vX&m|dqaÂbkVysge{|X&udn]_gih p X ¤u X&hdnys¢mf`ly5a_X$  W;g p Xeº
WXW çY)ZZO[O\
Z   88+3T -
  »4
 ¥ /(  6³
 +/-
 &';(
 
		
¹hju gihVms] p U yfXacXqm|r^m|dnU W;X p³² ¢&´`bedf]cgohVmvms`V]£obehd
 
    3"\bâoX&u   2- !"#@V$ & Xd5d($V* + ¦U
i¬
g  X&m|d.`VhgikH¢&yfbednX `Vy p ]£·¸¢ yfX hdf]cX au&gohdfX&hbehdq`lhV]c´`VX WYX&hd p X&m p ¢&yf]£i¢ X&mqmfkVbedn]cboa_X&m.X dg& X&m|d
a_X p goW)be]chVX)¢ df` p ]_¢oº>x>gi`Vy´`VX6a_X6klyfgiÁVa_U&WYX)W)b dnTV¢ W)b dn]_´t`lX6mfgo]_dÁV]_X&h kHgimf¢e¼]ca¯°Ebo`ldhVgodnboWYWYX&hd
b {|gi`^dnX&y
¿ p X&m5u&goh p ]£dn]_gihVm5bo`^wa_]_W;]£dnX m&¼
¿ p X&m5u&goh p ]£dn]_gihVm]chl]_df]Âboa_X&m º
 8XjÁV`^d)X msd)W;bo]chdfX&hbohd p³² `ldn]_ac]_mf¢jaÂb x¶¹. kHgi`VydnyfbohVm|°±giyfWYX&y;u&X%msrtm|dnU&WYX p³² ¢ ´`bedn]_gihVm6bo`^w
p ¢ yf]£i¢&X m}kbeysdn]_X&a_a_X&m¦Fµzx¶¬q¦U
¬=X hj`Vh%X&hlmfX&WÁVa_X p³² ¢&´`bedf]cgohVm p ]_·:¢&ysX&hdn]_X&a_acX m}giy p ]_hbo]_yfX&m¦Fµz.¹q¬Oº
x>go`Vyu&X&acbYkVyfge{|Xdngihlm5a ² ¢&´`bedf]cgih ¦U
¬=ms`VyacX m p ]_·:¢&ysX&hdnmvWYg p X m AKL
     ADL"    "\ ADL"# ¦o¬
X&h p ¢ yf]£obehd5a ² ¢ ´`bedn]_gih ¦åi¬=gihgiÁ^dn]_X&hd
 
   587:9;<!=3>

? <  A <  ¦Fi¬
¹hjkHX&`^d5boacgoyfmyfX W;klaÂbou X&y    p bohlm¦i¬=u&Xq´`V] p gihlhVX.
    3ADL"   587:9;<!=3>

? <  A <  ADL"
 587 9;<-=3>

? <   A < ADL2" 
¦Fi¬
 b¥ÁbomfX p X mvWYg p X&m¢dbohd5`VhVXqÁbomsXgoysdnTlgiigihbeacXe¼Vgih%bÄhboa_X&WYX&hdb
     ADL"   ? L  UAKL 3AKL2"  ¦|âÆ¬
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 
¹hb p gohVuqyfX&WYkVacbou ¢a ² ¢ ´`bedn]_gih¦U
¬=kVboyacX.m|r^m|dnU W;X-¦Fµz.¹q¬»mf`V]£ebohdb

?
L
  UADL[3ADL"    "\:ADL"\0O $ P R\CFE G T  ¦|iÇ¬
bohlm	a_X&mzkboyfboiyfbokVTVXmf`l]_ebohd¶gih p ¢ oX&a_gikVkHX&ynbu&Xmsrtm|dnU&WYX p X5°EbD&gih;Ã.acX5yfX h p ysX5klac`Vm¶Xw^kVa_gi]£dboÁlacXeº
   
		   	  	
¹h-kVyf¢ mfX hdfX p bohlm=u&XdfdfX}mfX u df]cgih6acX p ¢ oX&a_gikVkHX&WYX&hd p `)msrtmsdfU&WYX p rthboWY]_´t`lX p bohVm	acXvubom p³² `Vh
¢&u gi`Va_X&WYX&hdY]_hVu&goW;klyfX&msmf]_ÁVa_X¦±k:go`VykVa_`Vm p X6kVys¢&u&]_mf]_gih igo]cy6­  ® ¬º>µ¯h °Ebo]£dgihXw^kVa_]cu ]_dfXacX-msX&u gih p
dnX yfWYX p `%msrtmsdfU&WYX¦iÇ¬º
  ² ¢ u&gi`lacX W;X hdX&m|d5yf¢&o]8kboy*a_Xm|rtmsdnU WYXmf`l]_ebohdb
 
 
   (    ! 4#"  
 
    É
 %$  É¥ms`VyaÂb¥°±yfgihdf]cU yfXq]chdf¢&yf]_X&`lyfX
  É¥mf`ly5acb¥°±yfgihdn]_U&ysXqXwtdn¢ yf]_X&`VysX
¦|Çi¬
g
	 jX&msd5acb^]£dnX mfmsXo¼
	  acb;kVysX&msmf]_gih³¼
	 ! aÂb¥W;bomfmsXogia_`VWY]c´`VXe¼
	 "aÂbt]_mfu&gomf]£dn¢u ]chl¢&W;bedn]_´`VXo¼
	 $ acbYhlgiyfW;boa_XÃYacb¥mf`Vy|°Ebou&Xeº
µ·¸X u df`VgihVm5aÂb¥kVysge{|X&udn]_gih p X'&qboa_X&ysÀt]_h p Xqa ² ¢&´`bedf]cgoh¤ p X)¦|âi¬=mf`Vya_X&m5WYg p X m AKL
    4   H4 (! )"  
  ADL"  É  ¦|â¬
X&WYkVacbD&gihlmKNX d    X hN`ldf]ca_]cmfbohda_X&mv¢&´`bedf]cgihlmY¦åi¬*X d¥¦|âÆi¬¼ X d}bokVkVa_]_´t`lgihVma_X&mvu&gih p ]_df]cgihlm.bo`^wÁHgiy p m ¼gihgiÁldf]cX hd}boa_giyfmbekVyfU m5`lhju X&ysdnbo]_hjhVgoWÁVysX p Xqu&boacu `Va_m&¼ a ² ¢&´`b dn]_gihjms`V]£obehdfX.
WXW çY)ZZO[O\

   88+3T -

?
L
     L 4 ; <  L < ? < 4 ; < ^   L < ? < ?   ¦|Z¬
 8XmsrtmsdfU&WYX.µz.¹ ´`V]Hb¢dn¢giÁldfX&h`6X msd	`Vh6m|rtmsdnU WYXµz.¹ hVgih;a_]chV¢&bo]_yfX5k:gia£rthVgiWY]cboaHÃu g^X )u ]cX hdnm
u&gohVmsdnbohdnm&º:~ a>ms` Yd.W;bo]_hdfX&hbehd p³² bâogi]_y p X&m}u&gih p ]_df]cgihlm}]_hV]_df]ÂbeacX mmf`VyvacX mu&gtX;u ]cX hdfm J
?
L W > 587:9kHgi`Vy»kHgi`logi]cy=kVyf¢ p ]cysXY¦EX h`ldn]_ac]_mnbehd`lhVXWY¢ dfTVg p X p³² ]_hdn¢ iynbedf]cgohht`lW;¢ yf]_´`VXâ¬»a ² ¢igia_`ldn]_gih p `m|r^m¿
dnU WYXoº
  ² beacigoyf]£dnTVWYX¶ÃvbekVkVa_]c´`VX y>kHgi`Vy8giÁ^dnX&hl]cyacXzuTbeW;k p X¯t]_dfX&mfmsX&m¯Ã`Vh]chlmsdbehd p gohVhV¢¶X&msddnysU&mmf]_WYkVa_X.
	 gihu&boacu `Va_Xa_X&mu&gtX;u ]cX hdfm   L ¼  L ^ < ¼  L ^ < ^  ¼
	 gih p ¢ÄhV]£d}`lhVXqu&gih p ]_df]cgih%]_hV]_df]ÂbeacXqmf`ly5a_X&m ? <
¼
	 gih%boklkVac]_´`VXa ² ¢&´`bedf]cgoh ¦|&Z¬ p ]_mfu yf¢ df]cms¢&Xe¼
	 gihysX&u&goW;WYX hVu&X{|`Vmf´` ² bo`jdfX&WYkVm*igo`Vac`¸º
  
		    	   	
bohVmYu X dfdfXkboysdf]cXgoh p ¢&u&ys]_dYdfgi`ld p³² boÁHgiy p a_X&mY¢&´`bedf]cgohVm p³² µ¯`Va_X&y;X d p X}bt]cX y|¿|\dngiÀeX&m;X&h
eboyf]cboÁVa_X&m	u&gihlmfX&y|ebedn]£iX m5kHgi`Vy¶`Vh-¢ u&gi`lacX W;X hdu&giWYkVysX&mfms]cÁlacXe¼VkV`V]_m»gih)kVyf¢ mfX&hdfX.acX m»kVyfgoÁVacU WYX&m»a_]c¢ m
bo` p ¢iX&a_gikVkHX&WYX hd p `jm|rtmsdnU WYX p rthboWY]_´`VXXd5X&hlÄh%gih%Xw^kHgimfXqa_X&m5W;¢dnTVg p X mv`ldf]ca_]_mf¢&X m&º
	 ¨ 	 ¨
 ³ lÍ±Ì .Ð   Í     Î:ÍâÌt
¹hbekVk:X aca_X a_X.iX&udnX `Vy p X m*obeyf]cboÁVa_X&mu&gihlmfX&y|ebedn]£iX m¥¦åe.¬3
 
 
! >! 
!#"
!%$
& 
'
(
 !
 
R
 > 
)
& 
'
(
¦|Çi¬
* a_X `^w%b p iX u dn]£°¯Xd,+.-;a_X V`^w p ]£·¸`lmf]£° 
+ L 
 
! ML! ML > 4 ,/ > L! ML 
 4 ,/ 
 L! ML ) 4  ML
& 
'
(
0+ - L 
 
É
1 > L
1 
 L
1 L <  < 2#L
& 
'
(
¦|]
¬
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 
X d  acb¥mfgi`lyfu&X
   !  
É
 > 
 L ML 4
& 
'
(
¦| i¬
 8X&m*eboyf]cboÁVa_X&m p X.u X&m5¢&´`bedf]cgohVmmfgihd5acX m*obeyf]cboÁVa_X&mhbedf`VyfX aca_X&m p Xqa ² ¢ u&gi`Va_X&WYX hd&¼ p bohVma_Xu&bom p³² `Vh
kVysgiÁVa_U&WYXX h p X&`^w p ]cWYX&hlmf]_gihVm
	 ! X&msd5acb p X&hVms]_df¢o¼
	    > 
 X&msd5a_X.iX&udnX `Vy5t]£dnX mfmfXe¼
	 ) X msd=a ² ¢&hVX yfi]_X}W;bomsmf]_´`VXo¼^mfgiWYWYX p Xva ² ¢&hlX&yfo]cXv]chdnX yfhVXvW;bomfms]c´`VXe¼
	   ¼X d p X}a ² ¢&hVX yfi]_Xu ]chV¢dn]_´`VXW;bomsmf]_´`VXo¼  
 ¼
	  X&msd5acbYdfX&WYkH¢&ynb dn`VysXo¼
	  X&msd5acb;u&bokbou ]_df¢quboa_giyf]£Ä´`VXÃigia_`VWYXu gihVm|dbohd¼
	  X&m|d}acb¥kVyfX mfms]cgih%dnTVX yfWYg p rthboWY]c´`VXe¼
	 1  P 1 L < T  P: #^  / L < 4  ML ^ < 46 < ^ L2"NTX&msd}acXdnX hVmfX `Vy p X m}X ·:giy|dnmvt]_mf´`VX `^w:¼³gX dmsgihda_X&mu&gtX;u ]cX hdfm p X.t]_mfu&gomf]£dn¢&m ¼
	       2 >2 
  X msda_XqiX&udnX `Vy `^w p XuTboa_X&`ly&¼¸XdX msd}acXu&gtX;u&]_X&hd p Xu gih p `VuO¿df]_t]£dn¢.dnTVX yfWY]_´t`lXo¼
	     > 
 X msd5a_XqoX&udnX&`ly p³² X ·:giy|dvkVboy*`VhV]£dn¢ p XqW;bomfmsXo¼
	 ysX&h p u&goW;k^dnX p X&m5mfgo`Vyfu X&m p XquTboa_X&`Vy º
¹hjkHX&`ldvboa_giysm»i¢&ys]_ÄVX&y5´t`lXa_X&m5¢&´`b dn]_gihVm p X}bt]cX y|¿\tdngiÀeX&mvk:X `liX hdvm ² ¢&u yf]_yfXX&h°±gihVudn]_gih p X
u&X mvhlgi`liX aca_X&meboyf]cboÁVa_X&m ¼ p X.°EbD&gihdfyfU&mm|r^hdfTV¢ df]c´`VX.
 ^ ! 4 + L ^ L  + - L ^ L 4"   ¦|â¬
bohVm*`lhkVyfX W;]_X&y	dnX&WYkVm*XdbeÄh p Xmf]_WYkVac]£ÄX y*acXklyfgiÁVa_U&WYXe¼VmfX `VacX macX m»¢&´`bedf]cgohVm p³² µz`lacX y*gihd
¢ df¢q¢ dn` p ]c¢ X&m
WXW çY)ZZO[O\
   88+3T -
 ^ ! 4 + L ^ L  É  ¦|â¬
  ² gikH¢&yfbednX `Vy p ]£·¸¢ yfX&hdf]cX a  !K" p Xqa ² ¢ ´t`Vbedn]_gih¦U
¬=X msdvacXqmf`l]_ebohd
  !K"  ,+ L ^ L 
	 ¨ 	 ¨   Ít «   ³ 
x>gi`ly}kHgi`ligo]cy p ¢ oX&a_gikVkHX&ya_Xm|rtmsdnU WYX p rthboWY]_´t`lXo¼¸]_a8°Ebo`ldvuTVgi]_mf]_y}a_X&m p ]_oX&ysmkboyfboWYU dnysX&mv´t`l]
igohd EdnyfXq`ldf]ca_]_mf¢&m
 `VX&a_a_X&mobeyf]cboÁVa_X&mkVyfX h p ysX
	 a_X&m*eboyf]cboÁVa_X&mu gihVmfX ysebedf]_oX&m&¼
  !
 
R
 > 
)
& 
'
(
	 a_X&m*eboyf]cboÁVa_X&mkVys]cWY]£dn]£iX m&¼
 
 
! > 


& 
'
(
	 gi`a_X&meboyf]cboÁVa_X&mX&hdfyfgikV]_´`VX&m ¼
  R
 
   
È > 
 R
& 
'
(
gihhVgodfX  a_Xqk:gednX&hdf]cX auTl]cWY]_´t`lX-¦  	  
 g  X&m|dva ² X&hdnTbeackV]_XX d 
 a ² X hdnyfgokV]cX¬º
 `VX&a8klyfg p `V]£dmfubeaÂbo]_yfX p ¢ÄhV]_y
	 Å=gihdfynbo]_yfX W;X hdbo`u&bomv]_hVu giWYkVyfX mfmf]_ÁVa_Xa_XqkVyfg p `V]£dmfu&boaÂbe]cysX
!  "  $; L =3>  L !1L ML2"
h ² X&m|dkbem p ]_WYX&hVms]cgohVhVX&a_a_X&WYX&hdqu&gohVmf]_msdnbohd;¦Emfbo`l° p behVmva_Xubomvga_X&meboyf]cboÁVa_X&mvX&hdnysgikV]_´t`lX&m
msgihdv`^dn]_ac]_mf¢ X&m5X d p bohVma_Xqub p ysX p³² `lhVX°±goyfW`laÂbedf]cgoh p ¢&u&ys]_dfX p bohVm­¾ ®ª¬Oº
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 
	 ¹hkHX&`^dX&ht]_mnboiX y p Xdfynbo]£dnX yva_X&mvobeyf]cboÁVa_X&m}ms¢&kbeyf¢&WYX hd&¼³`ldf]ca_]cmfbohd.kboy5Xw^X W;klacX¥`VhlXÁbomsXkVysgikVysXkHgi`Vy*acb p X&hlmf]£dn¢o¼ `VhlXkHgi`Vy*acb¥kVyfX mfmf]_gihjX d5`VhVXqkHgi`Vy*a_X&m^]£dnX mfmsX&m&º
bohlm»dngi`Vm*a_X&m*u&bom*`VhkVysgiÁVa_U&WYXqbokVkbeynb cd¼^acX.m|r^m|dnU W;Xµz.¹ h ² X msdkVa_`Vm*u&goW;WYX p bohlm*acXu&bom p³² `Vh
¢&u gi`Va_X&WYX&hdz]_hVu&goW;klyfX&msmf]_ÁVa_Xo¼i`VhmsrtmsdfU&WYXµz.¹Rhlgiha_]chV¢&bo]_yfX=kHgia£rthVgiWY]Âbea Ã}u g^X ;u&]_X&hdnm¯u gihVmsdnbohdnm º
µ¯hX ·:X d&¼³mf`Vklk:gimsgihVm.´`VXa ² gih`ldn]_a_]cmsX¥acX mobeyf]cboÁVa_X&mu gihVmfX ysebedf]_oX&m&¼acb-x¶¹.kHX&ysWYX d p³² giÁldfX&hV]_y.a_X
msrtm|dnU&WYXmf`V]£ebohdb
! ! !"  ! 23"4 587:9;<!=3>  < 2 !" < 23"# ¦åoÆ¬
biX u
	 !¡a_XquTboWYk%W;gâroX&h³¼
! 
 
!!  >!  
!)
& 
'
(
	  < a_X  L *WYg p Xo¼
 < 
 
A
	<
A	<
A  	<
A  	<
& 
'
(
	 XdvX hlÄh < acX$ L »u g^X )u ]cX hd}´`V]³eboys]cXqX&h°±gihVudn]_gih p `jklyfg p `V]£dmfubeaÂbo]_yfXquTVgo]cms] 
 < 
 
?
	<
?
	<
?
  	<
?
  	<
& 
'
(
ms]8gih%`ldn]_ac]_mfX p X m5eboys]ÂbeÁVacX mmf¢&kVboyf¢ X&m&¼
 <  J ? < Wms]chVgoh³º
WXW çY)ZZO[O\
âÆ   88+3T -
}¢iX&a_gikVkHgihVmvaÂb;È ]_U&WYX ¢&´`b dn]_gih p `jm|r^m|dnU W;X-¦|âi¬3
 ! ! " 
 4F  >N^ > " 
 4   
 ^ 
 " 
  É 
gi`
  !  > "
  4
  >  !  > "
  4
   
  !  > "!"

?
4     É  ¦å^Ç¬
´`V] p X^]_X&hd}X&hobeyf]cboÁVa_X&mu&gihlmfX&y|ebedn]£iX m
 ! 

  4
  ! 

! > "  4
  ! 
 !#"! > "
?
4     É  ¦åii¬
\^]la ² gih`ldf]ca_]cmsXq¦åeÆ¬ p behVmCa ² ¢ ´`bedn]_gih¥kVys¢&u ¢ p X hdfXo¼ p X mC°±ynbeu dn]_gihVmCynbedf]cgihlhVX&a_acX m¯bokVkVboynbo]_mfmsX&hd p behVm
a_X p ¢iX&a_gikVkHX&WYX hd p X&m=dfX&yfWYX m     "¯X d8        "O¼tu X´`V]Hk:gi`ly	a_X}WYgiWYX&hd&¼lX&WYkE&uTVX p X}ms]cWYkVa_]_ÄVX&y*a_Xmsrtm|dnU&WYXj¦|¬º¸µzh¢ u&gi`lacX W;X hdu giWYkVyfX mfms]cÁVa_Xo¼8gohh ² b-kVbom.kV`Xw^kVa_]_u&]£dnX&yqa_Xmsrtm|dnU&WYXj¦|oÇ¬¼HgihX&m|d
p gihluvgiÁlac]_i¢ p X5kVyfgtu&¢ p X&y p ]£·¸¢ yfX W;WYX hd&¼lu ² X msd=Ã p ]_yfXe¼gih p gi]_d¶u&boacu `Va_X&y p ]cysX&udnX&WYX hd»ÃuTVbo´`VX}kbem
p X.dnX WYkVmva_X.dnX yfWYX   !K"#  < "º
	 ¨ 	 ¨ 	 Ë¡ÍÌ  t6«  tÐ±Ì¯ t
¹hKebW;bo]_hdfX&hbehd)Xw^kHgimfX yYacX m;WY¢dnTVg p X&mY`ldf]ca_]_mf¢&X mq{|`lmf´` ² ]cu ]5kHgi`Vy p ¢ iX acgokVk:X y)a_XmsrtmsdfU&WYX
p rthboWY]_´`VXoº»Sgi`ld p³² beÁ:giy p ¼¶gihRbgikldf¢kHgi`Vy-a ² `VmnbooX p X&m)obeyf]cboÁVa_X&m-kVys]cWY]£dn]£iX m%Xd p ` klyfg p `V]£d
mfu&boacbo]cysXqiacgoÁboaEºHÅ=X&muTVgi] w%mfgihd¯{|`Vm|dn]£Ä¢&m5kboy*`Vh%mfgo`Vu&] p Xqmf]_WYkVa_]cu ]_df¢oº
¹h%u&boa_u&`Va_X p gihVuqacbW)b dnyf]_u&X p X.u giyfys¢&acbedn]_gihdnX WYk:giysX&a_acXe¼ p gihd5gihXwtdfynbo]£d5acX m»obeacX `VyfmkVysgikVyfX m
X d)iX u dnX `Vyfm6kVyfgiklyfX&m)X&h `^dn]_ac]_mnbohd6aÂbÁl]cÁVa_]_godnTVU ´`VX p Xjuboa_u&`Va ² µz]_mfkVbouÀ ² ­ e®åº¶ kboysdf]cy p XjaÂÃ gih
ubeacu `VacXa_X&mWYg p X mX d5gih%kbomfmsXÃ;acb¥yf¢&msgia_`ldn]_gih p `jm|rtmsdnU WYX p rthboWY]_´`VXoº
j¢dnTVg p Xqu&acbomfms]c´`VXmf]_WYkVacX 
  ² beacigoyf]£dnTVWYXqacXqkVa_`Vmmf]_WYkVa_XkHX&ysW;Xdfdnbohd p Xu&boa_u&`Va_X&y5acXquTbeW;k ! X&m|d5acXqmf`l]_ebohdb
	 gihkbeysd p³² `Vhju ac]_uTV¢]chl]_df]Âboa !
	  !  	 "O¼
	 gihu&boacu `Va_Xa_X&mu&gtX;u ]cX hdfm ?
	L  ? L[ 	 "»]_hV]_df]Âbe`^wX&h%kVysge{|X dnbohd ! 	 mf`Vya_X&mWYg p X m AKLå¼	 gih%bY`VhVXqÁHgi`Vu&a_Xqmf`Vya_X&mkbom p X.dfX&WYkVm&¼
gihubeacu `VacX<    ! "#  < "=k:gi`ly»dngi`Vma_X&m5WYg p X m&¼
gih p ¢ p `V]£d p Xqa ² ¢ ´`bedn]_gih¦|âi¬=acX m5u g^X ;u&]_X&hdnm
?
 >L ¼
gihubeacu `VacX !  > X&h%`ldn]_a_]cmfbohd}a ² ¢ ´`bedn]_gih¦åoÆi¬¼
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 i
	 gihysX&u&goW;WYX hVu&X{|`Vmf´` ² bo`jdfX&WYkVm p ¢ mf]_yf¢oº
Å=X dbeacigoyf]£dnTVWYXo¼&X&msdysX&acbedn]£iX W;X hdCu gCBldnX `^wqX hqdfX&WYkVm p X¯u&boacu `Va X&hX ·:X d&¼]cae°Ebo`ld8u&boacu `Va_X&y   !K"#  < "Ã¥uTbo´`VXq]£dnX&yfbedn]_gih³ºÅ=Xu&boa_u&`Va8X msd5X ·:X&udn`V¢qX&h%`ldf]ca_]cmfbohd5`Vh°±giyfW;boa_]cmsWYX¢ ac¢ WYX&hdnmÄhV]_ma_X&m*°±gihVuO¿
dn]_gihVm¯msgihd¶u&gihVh`VX m=be`^w¥hVgtX&` p m p `YW)be]ca_aÂbeiXX dzgihYmf`lkVk:gomfX`VhVX]_hdfX&ysk:giacbedf]cgih;x*iºÅ=X m¯°±gihVu df]cgohVm
p³² ]chdfX&yfkHgiacbedn]_gih p³² giy p yfXkHX&`Ñ¢&a_X o¢;boWYU&hVX hdÃ-ysX&uTVX yfuTVX yq`VhVX°±giysW`Vacbedn]_gih]_hdn¢&oyf¢&XYkbeykboy|dn]_X
kHgi`Vy*a_XqdfX&ysW;X p X p ]£·¸`lmf]_gih³º
¹hkHX&`ld6uboa_u&`lacX y,  !K"\  < "¥mfgi]£d-X h`ldf]ca_]_mnbohd-a_X&m)¢&´`bedf]cgohVm p³² µ¯`VacX y6msgi]_d)u&X aca_X&m p Xvb^]_X&y¿\tdfgiÀoX m&º
5bokVkHX&a_gihVm.´` ² X&hÑobeyf]cboÁVa_X&m.u&gohVmfX ysebedn]£iX ma_X¥msrtmsdfU&WYX p XY}bt]cX y|¿\tdngiÀeX&mqmnbehVm.dnX&ysWYX;msgi`Vysu&X¥X&m|d
a_Xms`V]£obehd
! ^ ! 4  L ^ L L ^ L 
]_a8k:X `ld5m ² ¢&u&ys]cysX.
! ^ ! 4 L ! ^ L   L < ! ^ < " ^ L 
biX u
	 (L   L ^   acbYW;bedfyf]_u&Xibou giÁV]_X&hVhVX p³² µ¯`VacX y&¼
	 3aÂbYW;bednys]cu X p X p ]_·:`Vms]cgihdnX a8´`VX  L < ! ^ <   L º
 ² g%X&h°Ebo]cmfbohd5`VhjuTVbohViX W;X hd p X.eboys]ÂboÁlacX m5gohjgiÁ^dn]_X&hdb

	
 ^ ! 4 (L  ^ L  	YL <  ^ < " ^ L[
biX u
	  	  ! ^ 
 W)b dnyf]_u&Xibou giÁV]_X&hVhlXo¼
	 (L   L 	 ¼
	  L <   L <  	 ¼
X d p gohVu
 ^ ! 4 (L  ^ L   L <  ^ < " ^ L 
biX u
	 (L   >	  L 	 W;bedfyf]_u&Xibou&giÁl]cX hVhVX p³² µz`lacX yvkVys]cWY]£dn]£iXe¼
WXW çY)ZZO[O\
Ç   88+3T -
	 L <   >	 YL <  	 X&h%mf`Vklk:gimfbohd}´`VX >	 X msd5u&gihlmsdbehdfXkVboy¢&a_X&WYX&hdnm º
 8XqmsrtmsdfU&WYX p rthbeW;]_´`VXX&msd p gohVuqacXqmf`l]_ebohdb

?
L
  UAKL  ADL" 4    <  ^ <  ADL     <   ^  " ^ <  ADL(0O $ P R\CFE G T  ¦åo¬
¹hjklyfgtu&U p XW;bo]_hdnX hbohdÃ¥`VhlX]_hdn¢ iynbedf]cgohjkbey*kboysdf]cXqms`VyacX.dnX yfWYX p ]£·¸`Vms]_°X dgih%giÁldf]cX hd

?
L
   ADL[ ADL2" 4    <  ^ <  ADL 4    <  ^  1 ADL" ^ <   É 0O $ P R\C EHG TU ¦åeZ¬
X&h%mf`lkVk:gomnbohdv´t`lXa_X&m5u&goh p ]£dn]_gihVm5bo`^wÁHgiy p m¢&a_]cWY]_hVX&hdvacX.dnX yfWYX   <  ^  ADL2"lº
j¢dnTVg p Xqu&acbomfms]c´`VXmsdnboÁV]_ac]_mf¢ X 
 8XmsrtmsdfU&WYX¦åeZ¬u&gihVm|dn]£dn`VX`lhVX¢&´`bedf]cgih p ]£·:¢&yfX hdn]_X&a_acX%giy p ]chbe]cysXÑ¦Fµz.¹q¬ºz 8X-klyfgiÁVa_U&WYX p Xacb
msdnboÁV]_ac]£dn¢ p Xu&X dsdnX¢&´`bedf]cgihX&msdvX&msmfX hdf]cX aFº¸}`VÁVy|r¤­ 
e®kVysgikHgimfXe¼:bekVyfU m}a_XkVysg^u X&msmf`Vm p XkVysge{|X&udn]_gih
p X&qboacX yfÀ]_h³¼a ² b {|go`ld p³² `VhdfX&ysW;X p Xzm|dboÁV]_a_]cmfbedn]_gih  âu X dfdfXzW;g p ]£Äub dn]_gihqX&msd{|`Vm|dn]£Ä¢&X¶kboy8acb»hV¢ u&X&msmf]£dn¢
p XklyfX&h p yfXX hu&giWYkldfX}a ² X·¸Xd p ]_mfms]ckb dn]£° p X&m*kHX dn]£dnX m»¢&uTlX&a_acX m*hVgihyf¢ mfgia_`VX m»kboy	aÂbÁVbomfX p Xu&a_]cuTl¢&m
mfX acgoh `VhVX p ¢ W;boyfuTVXmsX&WÁlaÂboÁlacXÃu X&a_acXb p gikldf¢&X-kHgi`VyaÂbms]cW`Vacbedn]_gihKiynbeh p X&m¢&uTVX aca_X&mj¦   boyfiX
µ pVp r \t]cW`VaÂb dn]_gih |¬OºÅ=XdnX yfWYX p X¥msdnboÁV]_ac]_mnb dn]_gih¤u gihVms]cm|dnX;Ãbou&u yfgi]£dnysX¥aÂb p ]_mfms]ckVbedn]_gih kVTr^ms]c´`VX "
kboy*`lh%dfX&yfWYXkVyfgok:giy|dn]_gihVhVX a8Ã¥`VhVX p ]_mfmf]_kbedf]cgoh%df`VyfÁV`lacX hdfX.:bo]chlmf] "X&msd5ysX&WYkVacbou&¢kboy " 4  "ºvhlXbokVkVysg^uTVX*klac`Vmzh`VWY¢&ys]c´`VX p `YkVysgiÁVa_U&WYX*X&m|d=b p gikldf¢&X*kboyCºi~ gia_a_g p bohVm­£âÆe®g ¥gih p ¢&WYgihdnysX
´` ² `VhVXYbokVklyfgtuTVX &qboacX yfÀ]_hÑbokVkVa_]c´`V¢ XYÃ6a ² ¢ ´t`Vbedn]_gih p³² µ¯`VacX y¥â boÁHgi`ldf]_dÃ6`VhmfuTl¢&W;b]chVm|dboÁlacXeº
vhlXm|dboÁl]ca_]cmfbedn]_gih%kboy`VhVXqWY¢ dfTVg p X p X &boa_X&ysÀ]ch p ]_mfu&gohdf]ch`VXX&m|dvklyfgikHgimf¢ Xoº
Å=X&m p ]_·:¢&ysX&hdnmdfynbebo`^w:¼bo]_hVms]»´`VX-a_X&m¥yf¢ mf`Va£db dnm p X mdnX msdnm¥h`VWY¢ yf]_´t`lX&m p ¢&u yf]£dnm p behVmacbNmfX&udn]_gih
mf`l]_ebohdnXe¼¸hVgo`Vmvgohd}u&gih p `V]£dÃ p ¢ oX&a_gikVkHX&y`VhlXiX yfms]cgihm|dboÁl]ca_]cms¢&X p XhVgednyfXmsrtmsdfU&WYX p rthbeW;]_´`VX
X&hjb {|gi`^dbohd5`VhdnX yfWYXms`VkVkVa_¢&WYX hdnbo]_yfXÃ¥a ² ¢ ´`bedn]_gih ¦åo¬ p XqaÂb¥°±giyfWYX.
	 
   L (L  ^ L2" ^ LU
biX u
	 
   H4  ¼
	  dbo]_aca_X p³² `Vhj¢ acX WYX&hd¼
	    
 > 4  

 hVgiysW;X p XqacbYt]£dnX mfmfX
	 u&gtX;u&]_X&hdvk:gia£rdnysgikV]_´t`lXo¼
	     ! t]£dnX&msmfX p `%mfgih³¼
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 â
	  kbeynboWYU dfyfXqmfu&boacbo]cysXoº
 8X&m*¢ ´t`Vbedn]_gihVm*u gihVmf] p ¢ yf¢&X m&¼ boklyfU&m*klyfge{|X u dn]_gihmf`ly»acX8O L =WYg p XXd]chdn¢ iynb dn]_gihkboy»kVboysdf]cX m&¼lmsgihd
boa_giyfm

?
L
   ADL[3ADL"Y4   <  ^ < 3ADL"Y4   <  ^  1 ADL" ^ < " 4  
  <  <  ^ < 1UADL" ^ < "  É  ¦åii¬
 b6WY¢ dnTlg p X¥u aÂbemfmf]_´`VX¥X dmsdbeÁV]ca_]_mf¢&X¥klyf¢&msX&hdnXY`Vhu gCBldÅ»xz ¢ acXi¢e¼³u ² X&m|dqk:gi`ly}u&X aÂb-´`VX¥a ² gih
eb¥W)be]chdnX hbohdvkVyf¢ mfX&hdfX&y}acb¥WY¢ dnTlg p X p X mvu g^X ;u&]_X&hdnm º
j¢dnTVg p X&m p X m5u g^X ;u&]_X&hdnmvu&gihVm|dbohdfm 
Å=X dsdnXWY¢ dfTVg p Xu gihVmf]_msdfX¥Ã)ysX&WYkVacbou&X ya ² µz.¹ hVgihac]_hV¢be]cysX p Xacb)WY¢dnTVg p Xu aÂbemfmf]_´`VX¥gi`jmsdbÇ¿
ÁV]_ac]_mf¢ Xo¼^kboy¶`VhVXµz.¹#Ãu&gtX;u&]_X&hdnm*u gihVm|dbohdnm º¹h-bqt`ÃacbmsX&u df]cgohlºÙ^º½.´` ² boX&u.a_X&m	eboys]ÂbeÁVacX m
uTVgi]_mf]_X&m ¼z]caboklkboynbe]_d p bohVmYacXm|r^m|dnU W;X¦|¬ p X&m¥°±yfbou df]cgihlm¥ynbedf]cgihlhVX&a_acX m&º	¹hKhVXk:X `ld p gihVukbem
giÁldfX&hV]_y`VhVXµz.¹ Ã¥u&gtX;u&]_X&hdnmvu&gihlmsdbehdfm&¼Hgihob p gohVu`^dn]_ac]_mfX yv`VhlXbemsdn`lu&Xo¼Hu&gohVmf]_msdnbohdÃ;b {|gi`^¿
dnX y¥`VhVXhVgo`liX aca_Xobeyf]cboÁVa_XyfX p gih p bohdfXjbe`^w eboys]ÂboÁlacX m¥kVyf¢ u&¢ p X&hdnX m&¼ p XW;bohV]_U&ysXjÃN¢ ac]_WY]chlX&yYacX m
°±ynbeu dn]_gihVm*yfbedn]_gihVhlX&a_acX m&ºH¹h]chdfyfg p `V]£da ² ]choX&yfmsX p Xacb p X hVmf]£dn¢e¼acX m5hlgi`liX aca_X&meboyf]cboÁVa_X&m*msgihd p gihVu 
! 
 
 ! " > " 
 "  " R! "
& 
'
(
 8Xm|rtmsdnU WYX¦|¬=X&m|d}beacgiysmu&giWYkVa_¢ df¢kVboya ² ¢&´`bedf]cgohjms`V]_ebohdfX.
  R! "
  4  >
  R! "
  4  

  R! "

?
4 R! 
  >
  4
  


?
"  É  ¦å 
¬
¹hgiÁldn]_X&hd*`lhmsrtmsdfU&WYXqu&giWYkVa_Xw^X p bohVm=acX ´t`lX&a³gihkHX&`^d*mf`VÁlmsdn]£dn`lX&y ! kboy»a ² ¢ ´`bedn]_gih ¦FoÆ¬¶u X
´`V] p gihlhVXbokVy m p XqhVgoWÁVysX&`^w%u&boacu `Vaa ² µz.¹ ms`V]_ebohdfX.

?
L
    L 4 ; <  L < ? <4 ;
< ^  
L < ? < ?  
¦å i¬
  ² boa_igiys]_dfTVWYXqX&msd5a_XqWE WYX´`VX p bohlmva_X.ubom5]_hVu&giWYkVysX&msmf]_ÁVacX 
	 gihu&boacu `Va_Xa_X&mu&gtX;u ]cX hdfm   L[  L ^ <   L ^ < ^  ¼
WXW çY)ZZO[O\
Z   88+3T -
	 gih p ¢ÄhV]£d p¸² `Vh%u&a_]_uTV¢]_hV]£dn]cboa !
	  ! 2 	 "¼
	 gihu&boacu `Va_Xa_X&mu&gtX;u ]cX hdfm ?
	L  ? L[ 	 "»]_hV]_df]Âbe`^wX&h%kVysge{|X dnbohd !
	vmf`Vya_X&mWYg p X m AKLå¼
	 gih%bY`VhVXqÁHgi`Vu&a_Xqmf`Vya_X&mkbom p X.dfX&WYkVm&¼
gih p ¢ p `V]£d p Xqa ² ¢ ´`bedn]_gih¦å o¬=acX m5u g^X ;u&]_X&hdnm
?
 >L ¼
	 gihysX&u&goW;WYX hVu&X{|`Vmf´` ² bo`jdfX&WYkVm p ¢ mf]_yf¢oº
 8Xu&boa_u&`Va p X mvu g^X )u ]cX hdnm}u gihVm|dbohdnm   LN  L ^ <   L ^ < ^  X msdvbomsmfX uTVX&y5W;bo]_m5]_a8X&m|d}X·¸X u df`V¢`lhV]c´`VXO¿WYX&hd¶X&h p ¢ ÁV`ld p X*u&boacu `VaE¼aÂbys¢&mfgoac`ldf]cgoh;X h¥dnX&WYkVmzX msd¶X&hVms`V]£dnXXwtdny E&WYX&WYX hd	ynbekV] p Xoº 8X*kVysgiÁVa_U&WYX
p XaÂb;msdbeÁV]ca_]_mnbedf]cgihmsXkHgimfX p Xacb)W E W;XW)behV]cU yfX´t`lX p bohVmvaÂb;WY¢ dnTlg p Xu&acbomfms]c´`VXeº³ 8XdfX&yfWYX p X
msdnboÁV]_ac]_mnb dn]_gih p gi]£d E dnysXms]cWYkVa_]£Ä¢kHgi`Vy5¢ t]_dfX&y p X&m5dnX&ysWYX&m p¸² giy p yfXkVa_`Vm}¢ acXi¢ p behVmva_X p ¢ iX acgokVk:XO¿
WYX&hd¦å i¬Oº
j¢dnTVg p X&m p³² bomfms]cWY]_aÂb dn]_gih 
  ² bomsmf]_WY]cacbedn]_gih u&gihlmf]_msdnX;Ã-dn]_yfX y.kboy|dn] p³² `VhVX¥]_hl°±giysW;bedn]_gihÑmf`Vy.acbmfgia_`ldf]cgihÑXOwVbeu dnX p `ÑWYg p U&a_X
u&goW;klacXd)kHgi`VyYysX&ubeacX y;`lh u&boacu `Va_X&h x¶¹.º¶Å=XdfdnX]_hl°±giysW)b dn]_gih X msdYdnysU&mYkboy|dn]_X&a_acX ¶kVboy¥Xw^X&WYkVa_X
gihkHX&`ld5u&gohVhb cdnysXacbeboacX `Vy p³² `VhVX.eboyf]cboÁVa_XÃ p X&m]chdfX&yseboa_a_X&m p X.dnX&WYkVm5yf¢ i`Va_]cX yfm º   ² giÁ^{|X u df]_° p X
a ² bomsmf]_WY]cacbedn]_gih)X&msd p X5yfX uboa_X&y¶bo`;WY]cX `^w;acbys¢&mfgoac`ldf]cgoh)]_hVmsdnbedn]_gihVhVbo]cysX p X5a ² X&hVmsX&WÁlacX p X&mzeboyf]cboÁVa_X&m º
bohlmacXu&bom p Xu X dfdfX¢ df` p Xo¼=gih k:X `ldX&ht]_mnboiX y p X p ]_mfkHgimfX y p X&m p gohVhV¢&X m-°±gi`VyshV]cX mkboy-`lhVX
mf¢ yf]_X p XubokldfX&`Vysm.k:go`VyvysX&u&boacX ya_X&mu g^giy p gihVhl¢&X&m
?
L p ¢&u yf]£obehda ² ¢&u gi`Va_X&WYX&hd p bohlmaÂb)ÁbomfXx¶¹qº
Å=gihVms] p ¢&yfgohVm¥kboyXw^X&WYkVa_X`Vh mfX `Va=u&bokldfX&`Vy p X-kVyfX mfms]cgih X h `Vh kHgi]_hdH > p X6a ² ¢ u&gi`lacX W;X hdº¶¹hkVysgik:gomfX p³² b {|`VmsdfX&ya_Xu g^X ;u&]_X&hda_]c¢bo` R  WYg p X
? >
º
}`¥kHgi]_hd > gihu gihVhbo]£dacb}kVysX&msmf]_gihYyf¢&X aca_Xq¦ª°±gi`Vyfhl]cX»kVboyCa_X=u&bokldnX `Vy¬  yf¢ X&a  > "¼ acb}kVyfX mfms]cgih¥u&boa ¿u&`lac¢ X  u&boacu `Va_¢&X 2 > "¯Xd=acbu g^goy p gihlhV¢&X5uboa_u&`lac¢ Xmf`Vy¶a_XvkVysX&WY]_X&y=WYg p X ?
u&boacu `Va_¢&X>  tboa_giysm	acbhlgi`liX aca_Xu&gtgiy p gihVhV¢ X
? >
X&msd p gohVhV¢&Xqkbey5acb°±giyfW`Va_Xms`V]£obehdfX.
? >  ?
u&boa_u&`Va_¢&X> 4  R   "B     2 > "  uboa_u&`lac¢ X  > "!" RA > 2 > "
g  $ P É  R T8X msdvacXqu g^X )u ]cX hd p³² bomsmf]_W;]_acbedn]_gih³º
\^] a ² gih6bkVa_`Vmf]_X&`lyfm»u&bokldnX `Vyfm ¼^goh6X ·:X&udn`VXvacX5W E&WYXvd rtkHX p³² gikH¢&yfbedn]_gih6ms`Vy=a_X&m	bo`ldfyfX m=ubekldnX `Vyfm º
Å=X dsdnXWY¢ dnTlg p XX msdzdnysU&m¯mf]_WYkVa_XvXdzh ² be`ViWYX&hdnX5kVyfbedn]_´`VX&WYX&hd¶kbomza_X»dnX W;klm p X*u&boa_u&`Va¦EÃqkHX&`^d
kVysU&mvY¬º
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849 Ç
    80)(
 *>&';(
Å=X dsdnX6msX&udn]_gihkVys¢&msX&hdnX)acX mys¢&mf`la_dnbednm p X)acb%x>ºÙ¹¥º¾ºbokVklac]_´`V¢&X6Ã%`Vh ¢&u gi`Va_X&WYX&hd p X)vb^]_X&y¿
\tdfgiÀoX m	u giWYkVyfX mfmf]_ÁVa_X}acboWY]chVbo]cysXbo`ldfgi`Vy p³² `Vh;kVyfgoÄVa p³² be]ca_X5v5Å= ÆiÆlÇboX&u5`Vh)hlgiWÁVysX p XvbouT
Ã6a ² ]_hlÄhl] p X¥Æ^º½^¼H`VhNhlgiWÁVysX p X¥X rthVgoa p m p X¥iÆiÆ^¼HXdÈoÉ Êvp³² ]chVu ] p X&hVu XoºÅ=XklyfgiÁVa_U&WYXdfX&msdb6¢ df¢
u&gohVmf] p ¢&ys¢Ykboy p ]_·:¢&ysX&hdnmbo`ldfX&`Vysm¥­£i&®Fº³ 8XW;bo]_acacboiX`^dn]_ac]_mf¢¥kHgi`Vyacb-yf¢ mfgia_`ldf]cgih p X¥a ² ¢&´`bedf]cgoh p X
}bt]_X&y|¿\tdngoÀoX&m ¼:klyf¢&msX&hdn¢mf`ly5acb¥Äi`VysX¥i¼u&giWYkHgiysdfXiÆiÆihVgtX&` p mX dÇ oeZ;¢ ac¢ WYX&hdnm º
}`ldfgi`Vy p X}u X}kVysgoÄa¼lbekVyfU m=`VhVXvkVTbomsXvdfynbohVms]_dfgi]_yfX p X.oÆiÆoÆ]£dn¢ ynbedf]cgihlm»ÃkVbom p X5dnX W;klm=ia_giÁboa
¦åÅC âÆi¬¼`Vh-¢ u&gi`Va_X&WYX hdkH¢&ys]cg p ]_´`VXm ² ¢ dnboÁVa_]_d&ºVÅ=TVbo´`VXkH¢&yf]_g p X}X msd p ]_mfu yf¢dn]_mf¢&X.X h^âÆkbom p X
dnX WYkVm&º8 b)ÄVi`VyfX¥6kVyf¢ mfX&hdfX;acb6kHgiysdnbohVu XX&hN°±gihlu dn]_gih p `NdfX&WYkVm.ms`Vy`VhVX¥kH¢&ys]cg p Xeº³ b)Äi`lyfX¥l¼
yfX kVyf¢ mfX hdnbohd}a_X&m*]_mfgâeboa_X&`Vysm p X.aÂbklyfX&msmf]_gih p X.a ² ¢&u gi`Va_X&WYX&hddngo`ld5bo`a_gihV p X.acb¥k:¢ yf]_g p Xe¼lkHX&ysW;Xd
p Xqu&gohVmsdnbednX y5´`VXa ² ¢ u&gi`Va_X&WYX hdvu&goW;kHgiy|dnX p X&m p ¢dbouTVX WYX&hd]_hVmsdnbedn]_gihVhVbo]cysX p X.dngi`VysÁV]_aca_gihVm º
\^`Vyu&XdfdfXk:¢ yf]_g p Xe¼*gihRkVyfX h p `Vh u&X&y|dbo]_hRhVgiWÁVyfX p XÑu&a_]_uTV¢&mjÃ p X&m]_hdfX&y|obeaca_X&m p XdnX WYkVm
yf¢ i`Va_]cX yfm»¦±dngo`ldnX m>a_X&m5]£dn¢&yfbedn]_gihVmn¬º   ² ¢ u&gi`lacX W;X hd¯WYgÇroX&h³¼eaÂb5W;bednys]cu X p X	u&giysyf¢ aÂbedf]cgohX d>mfX m>eboa_X&`Vysm
kVysgikVyfX mvmsgihd}u&boa_u&`Va_¢&m}Ã)kboy|dn]_y p Xu X&mvu&a_]cuTV¢ m&º¸¹hX&h p ¢ p `V]_d5ÄhbeacX W;X hda_X&m}WYg p X&m ºH X m5ÄVi`VyfX m
ZV¼HYX dD
;ysX&kVys¢&mfX hdnX&hd.ysX&msk:X u dn]£iX WYX&hdqaÂbYkVysX&mfms]cgohNWYgÇroX&hVhlXo¼¸a_X&m5eboacX `Vyfm5kVysgikVyfX m p ¢&u&ysgi]_mfmnbehdfX&m
X&h ¢&uTlX&a_acX;acgoboyf]£dnTlW;]_´`VXYX da_X&mqWYg p X m&º¹h k:X `ldqyfX W)beyf´`VX&ya ² boWYkVa_]£dn` p XY]_WYk:giy|dbohdfX;X hdnyfXYacb
kVa_`Vmk:Xdn]£dnX.eboa_X&`VykVysgikVyfX.Xd5aÂb¥kVa_`Vmiynbeh p X;¦ p XYRÉ  
Ã RÉ¬¼Xd´` ² X aca_X&m5mfgohd p XqW`Va_df]cklac]_u&]£dn¢
tynbo]_mfmsX&WÁVaÂbeÁVacX WYX&hdX hynbo]_mfgoh p `ubeynboudnU&ysXkH¢&ys]cg p ]_´t`lX p Xa ² ¢ u&gi`lacX W;X hdº¹hNyfX W;boyf´`VXms`Vyacb
Äi`lyfX8
´`VX}a ² XwlboWYX&h p Xu&X m*W;g p X m=hVXu gih p `l]_d*kVbom*Ã`VhlX}]_hdfX&yskVyf¢dbedf]cgih]_hdn`V]£dn]£iX.]_WYW;¢ p ]cbednXeº
~ h `lX&hVu X p `%hVgiWÁVyfX p Xqu&a_]_uTV¢&m 
bohVm.`lh klyfX&WY]_X&ydfX&WYkVm&¼8gohÑb-¢ dn` p ]c¢¥a_X&m.X·¸Xdnm p `ÑhVgoWÁVysX p Xu&a_]_uTV¢&mmf`Vy}aÂb-´`boa_]£dn¢ p X¥acb
hVgi`^iX&a_a_XÁbemfXoº
 bÄo`VyfX qWYgihdnyfX}aÂbkVyfge{|X u df]cgih p X}a ² ¢ u&gi`Va_X&WYX hdms`Vy»a_X}kVysX&WY]_X&y»WYg p X}X h6°±gihVudn]_gih p `-hlgiWÁVysX
p X-u ac]_uTV¢ mzmf]=goh hVgodnX 
	 !  !"a_X-uTboWYkK]_mfmf` p ` u&boa_u&`Va*vb^]_X&y¿|\tdfgiÀoX m¥]chlmsdb dn]_gihVhbo]_yfXXdYA >a_X;klyfX&WY]_X&yWYg p Xe¼gih¤ysX&kVys¢&msX&hdnX
?
   Ê <  ! > 2 !"   
	 !  !" 
	 !CÊ   2 !"#3A > "O¼A > ¢dbohduboa_u&`lac¢)Ãkboy|dn]_y p Xql¼¸Ç^¼ogi`Zu&a_]cuTl¢&m&º:¹hu&gohVmsdnbednXq´`VX.acbYÁVbomfX.u yf¢&X p ¢&kHX&h p%p `hVgiWÁVyfX p X.u ac]_uTV¢&m º
 bÄi`VysXqYklyf¢&msX&hdnX
? >
 !"
?
   Ê <  ! > 2 !"=g ? > 2 !"=X&msda ² ¢ igoac`ldf]cgoh p `u&gtX;u ]cX hd5giÁ^dnX&h`%kboy*ys¢&mfg ¿a_`ldn]_gih p X&m¶msrtmsdfU&WYX&m p rthboWY]c´`VX m=giÁ^dnX&h`)X&h p ¢ p `l]cmfbohdWYg p X m p X5ysX&msk:X u dn]£iX WYX&hdl¼Çt¼tigi`
Z-u ac]_uTV¢&m ºvhys¢&mf`la_dnbedqmfX WÁVacboÁVa_XYX&msdgiÁldnX h` X hÑu&gihVms] p ¢&ynbehdqklac`Vm p X;)WYg p X m&º¹hkHX&`ld}igi]_y
´`VXa ² X&ysyfX&`ly5ms`VyacXqkVysX&WY]_X&yWYg p X p ¢ u&ysgi]_d5X h%°±gihlu dn]_gih p `%hVgiWÁlyfX p Xqu&a_]cuTl¢&m&º
WXW çY)ZZO[O\
]
   88+3T -
µ¯hlÄhYacb}Äi`VysXkVyf¢ mfX&hdfX5a ² X&yfysX&`Vy p X*yfX&u gihVm|dnyf`lu dn]_gih p X*u&X=msrtmsdfU&WYX p r^hVboWY]c´`VX p bohlm¯acX m¯WE WYX&m
ubem5´`VXkVys¢&u&¢ p X&WYWYX&hd&º
)    - !"   !"Q 
	 !  !"\: 2 !"Q 
	 !  !"!"  
	 !>Ê    Q 
	 !  !"\:  
	  !>Ê       
	  ! 2 !"-"  ¦åo¬
¹h goÁVmfX ysiX´`VXa ² X yfyfX `Vy p XyfX u&gihlmsdnys`Vu df]cgoh p ¢ u&ysgi]_dYX aca_Xbo`Vmsmf]*X hK°±gohVu df]cgih p `KhVgoWÁVysX p X
u&a_]_uTV¢&m ¼:W;bo]_mkbom p X.°EbD&gohjbe`Vmfms]¢t] p X hdnXoº
Å=giWYWYX»]cat¢ dnbo]£d¯Ãvklyf¢ ogi]_y&¼o]_atX&msd]cWYkHgiysdnbohd p³² bigi]_yC`Vhiynboh p hVgiWÁVyfX p X=u&a_]_uTV¢&m¯ysX&kVys¢&mfX hdbohd
u&goyfyfX u dfX&WYX&hdva ² ¢&u gi`Va_X&WYX&hdkHgi`Vy5bigo]cy`VhVXqÁHgihVhVXq´`boa_]£dn¢oº
~ h `lX&hVu X p `%hVgiWÁVyfX p XqWYg p X&m 
}kVysU&mbogi]cy;°Ebo]£d6eboyf]_X&y)acXjhVgiWÁVyfX p Xu&a_]_uTV¢&m ¼»hVgi`Vm6bigihVm6¢ dn` p ]c¢a ² ]ch `VX&hlu&X p ` hlgiWÁVysX
p X WYg p X m&ºv bKÄo`VyfX âÆ klyf¢&msX&hdnX¤a ² ¢ ogia_`ldn]_gih p X mu g^X )u ]cX hdnm
? >
 !"giÁldfX&h`VmkVboyyf¢&msgia_`ldn]_gih
p X m)m|r^m|dnU W;X m p rthbeW;]_´`VX&m)X&h `ldn]_a_]cmfbohd-t¼ 
ÑXd%âÆW;g p X m&ºz bÑÄVi`VyfXojkVys¢&msX&hdnX%a ² X&ysyfX `Vy p X
yfX u&gihlmsdnys`Vu df]cgoh³º ÃX hVu&giysXo¼^]caHobe`ld»WY]_X&`^w-bigi]_y»ÁHXbo`Vu gi`Vk p XvWYg p X m&ºVÅ=X&kHX&h p behd&¼V]_a:X msdÃhlgodnX y
´`VX»a_X=u gCBld p `uboa_u&`la^X msd¯´`b p ynbedf]c´`VX»X hhVgiWÁVyfX p X=WYg p X&m ºo~ a°Ebo`ld p gihVu¶dnyfgo`liX y`Vhu giWYkVyfgiWY]_m
X&hdfyfXhVgiWÁlyfX p XqWYg p X mX ddnX W;klm p Xqu&boacu `VaEº
~ h `lX&hVu X p `%mfuTl¢&W;b p³² ]chdf¢&iyfbedn]_gih%X&hdnX&WYkVm p Xqa ² µz.¹ 
vgi`lmboa_acgohVmW;bo]_hdnX&hVbohdkVys¢&mfX hdnX&yacX myf¢ mf`Va£db dnm p X m p ]£iX yfmsX&m¥WY¢ dfTVg p X&m`^dn]_ac]_mf¢ X&mkHgi`Vyyf¢O¿
mfgo` p yfXqa_XqmsrtmsdfU&WYX p rthbeW;]_´`VXoº
 8X&m*WY¢ dfTVg p X&m*dnX W;kHgiysX&a_acX m*`ldn]_ac]_mf¢ X&mmfgohd p X&m*WY¢ dfTVg p X&m p X.`VhViX.`ldsdb p³² giy p yfXo¼gi`ZVº
vhlXkH¢&ys]cg p X p Xqa ² ¢ u&gi`Va_X&WYX hd}X&m|dv]_hdn¢ iyf¢ XÃ¥a ² bo] p X p X^âÆ¥kbem p XqdfX&WYkVm º
 bvÄi`VysX}Çt¼ klyf¢&msX&hdnX*a ² ¢ igoac`ldf]cgoh p X&m>u&gtX;u&]_X&hdnm
? >
 !"giÁldfX&h`Vmkbey>ys¢&mfgoac`ldf]cgoh p X&m>msrtmsdfU&WYX&m
p rthboWY]_´`VX&m p XY}bt]_X&y|¿\tdngoÀoX&mÃa ² giy p yfX¥Xd^¼³X&hÑ`ldf]ca_]_mnbohd;âÆ-WYg p X&mqXwtdnyfbo]£dnm p X;i-u ac]_uTV¢&m º
 bqÄVi`VyfXâqkVyf¢ mfX hdfX}a ² ¢igia_`ldf]cgih p Xva ² X&yfysX&`Vy¶mf`ly	a_X&m	u&gtX;u&]_X&hdnm
?
LHgiÁldfX&h`Vm p bohVm¶acX m	W E W;X m=u&bom
´`VXkVyf¢ u&¢ p X&WYWYX&hdº
)    ? - !"  RCFE G
 587 9; L =3>

?
L[ !"
?
   Ê <  ! L  !"!" 
 
µ¯hlÄh%aÂb¥Äi`lyfXYZYkVyf¢ mfX hdfXa ² X&yfysX&`Vy p XqyfX u&gihlmsdnys`Vu df]cgoh )   1! !"¦EueºV°º o¬Oº
¹h)kHX&`ldzogi]cy¶mf`ly¶acb.Äi`VysXâ.´`VX5a ² ¢ uboy|d	X hdnyfX5a_X5u g^X ;u&]_X&hd
? >
Xd¶aÂbqyf¢°±¢&yfX hVu&Xvbo`VoW;X hdnXvbo`
u&go`Vyfm p `qdnX&WYkVmkHgi`Vy8dngi`^dnX&ma_X&mWY¢ dnTlg p X m&ºe b*ÄVi`VyfX5â*WYgihdnysX	´`VX¶u&XzkVTV¢ hVgiWYU&hlX»bokVkVboynbo]_mfmfbohd
mf`lydfgi`VmacX m>WYg p X&mmfX¶yfXdnyfgo`liX p bohVma ² X&ysyfX `Vy>ms`VyacX m>u g^X )u ]cX hdnmXdCacbÄVi`VyfX5Z5´` ² ]_aX&hdnyfbo]_hVX	`lhVX
X&ysyfX `Vy p XqyfX&u gihVm|dnyf`lu dn]_gihjyfX&acbedf]_oX&WYX&hdv]cWYkHgiysdnbohdnXoºH¹hi¢ yf]£ÄXbe`Vmfms]8´t`lXa_X&mWY¢ dfTVg p X&m p³² goy p ysX
`aRWb`c
 	
 !"#%$'&)(*+-,/.021$'3/4((5678&)(##%$'&&849  
mfgihdkVa_`Vmklyf¢&u ]cmsX&m º¹h hVgodnXY´`VX;acX mys¢&ms`Va_dnbednmgiÁldfX&h`VmbiX&u;ZoÆkbem p X¥dfX&WYkVmkboyqk:¢ yf]_g p X
mfgohd5] p X&hdf]c´`VX mÃ¥u&X `^w%giÁldfX&h`VmvbâoX&u^âÆlº
 bÄVi`VyfXâ6kVyf¢ mfX&hdfX)a ² X yfysX&`Vy p X¥ysX&u&gohVmsdfyf`Vudn]_gih p X m.msrtmsdfU&WYX&m p rthboWY]_´t`lX&m p³² µ¯`Va_X&yqXd p X
}bt]_X&y|¿\tdngoÀoX&m º8¹hkHX&`^du&gohVmsdnbednX yv´`VXacX m}WY¢ dfTVg p X&m p X}bt]_X&y|¿\tdngoÀoX&m}mfgihdklac`VmvkVyf¢ u&]_mfX m´`VX
u&X aca_X&m p³² µ¯`Va_X&y»bo`-mfX hVm»ms`V]_ebohdbta ² ¢ u&gi`Va_X&WYX hd¢dn` p ]c¢.bribohd»¢ df¢ubeacu `Vac¢vkboy	yf¢&msgia_`ldn]_gih p X m»¢&´`bÇ¿
dn]_gihVm p Xvb^]_X&y¿|\tdfgiÀoX m*u&giWYkVysX&msmf]_ÁVacX.acboWY]_hbo]_yfXo¼t]_aHebo`ld	WY]cX `^w6yf¢&msgi` p ysXa_X}msrtm|dnU&WYX p rthbeW;]_´`VX
p X}bt]_X&y|¿\tdngoÀoX&mvkVa_`ld9Vod´`VXu&X ac`l] p³² µ¯`Va_X&y º
µ¯h u gihVmf¢ ´`VX&hVu X ]_aqebo`^djWY]_X&`^w `ldf]ca_]_mfX&yj`VhVX WY¢ dnTlg p XÑdnX WYk:giysX&a_acX p³² giy p yfXKXd`Vh msrtmsdfU&WYX
p rthboWY]_´`VXu giyfysX&msk:gih p bohdÃ¥a ² ¢ u&gi`lacX W;X hdº
j¢dnTVg p X&mvbiX um|dboÁV]_a_]cmfbedn]_gih 
 8X&m p ]_·:¢&ysX&hdnmdnX&m|dnm>X ·:X&u df`V¢&m ¼iÃmnbigo]cy p ]cWY]_h`ldn]_gih p `kbom p XzdnX&WYkVm>X dCb {|gi`ld p X¶WYg p X m&¼ h ² gihd
kbom»bokVkHgiysdf¢ p³² boWY¢&a_]cgoynbedf]cgihmfbedn]_ms°Ebe]cmfbohdnX.Vgoh-giÁVmsX&ysoX.dngi`e{|go`Vyfm	`VhVX}dfX&h p behVu&XqÃa ² boWYkVac]£Äu&bedn]_gih
Xw^kHgihVX hdf]cX aca_X p X&mX&yfysX&`Vysm&º vhlX¶]_hdnX yfkVys¢ db dn]_gihhb dn`VysX&a_acXzX&m|dCacb*hV¢&u X&msmf]£dn¢ p X	m|dboÁV]_a_]cmsX&ya ² gikH¢&ynb dnX&`ly
u&gohoX&udn]£°ºtÅ=X&u&]lk:X `ld E dfyfX»ys¢boa_]_mf¢*kboy p ¢&u X&hdnyfboiX*gi`Yb plp ]_df]cgoh p X=dnX yfWYX&m p X p ]_·:`Vms]cgihYh`VWY¢&ys]c´`VXeº
 b%Äo`VyfX%]
jklyf¢&msX&hdnX6a ² ¢ ogiac`^dn]_gih p X mu&gtX;u&]_X&hdfm
? >
2 !"qgoÁldnX ht`lmkboyyf¢ mfgia_`ldf]cgih p X&mmsrtmsdfU&WYX&m
p rthboWY]_´`VX&m p Xvb^]_X&y¿|\tdfgiÀoX mmsdnboÁV]_ac]_mf¢ m%Xd-hVgoh msdbeÁV]ca_]_mf¢&mÃ a ² giy p ysX p X `^w ¦±uoº¶°º»eZl¼»io¬¼¶X&h
`ldf]ca_]cmfbohd-âÆ%WYg p X mXwtdfynbo]£dnm p Xiu&a_]cuTl¢&m&º¯¹.h igi]£d]_WYWY¢ p ]cbednX WYX&hdY´`VX6a_X&mW;¢dnTVg p X mmsdnboÁV] ¿
a_]cms¢&X&mYms`V]_oX&hd p X-°EbD gih kVa_`Vm¥kVys¢&u&]_mfXacbNyf¢°±¢&yfX hVu&Xeºz bjÄi`VysX jWYgihdnysX´`VXa ² ¢&u gi`Va_X&WYX&hd;X&m|d
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